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Rare Concept Composition for Visual Generation Rare-to-Frequent (R2F) Results

. . . . . O Prompt: A hairy fr . . . . . .

- Generating images from prompts with rare concept mixtures - LLM finds the frequent concept " = @‘3 — | 1. Better T2l alignment than SOTA pretrained & region-guided diffusions
- ObJeCt Wlth Unusual att”bUteS and gl’"des dlfoSIon Samp“ng Rare—to-Freq-uen't Concept Mapping Models Property Shape S1n’[g‘el)f{:tfl)rbeJ ™ Action Complex Concat Mlllilgleft)ibojrfas Complex
-e a h a II’ fro a Sta r-S h a p e d a p p Ie a tI’LI m p et' Ilke un t . n rar n t 4 GPT4 Human | GPT4 Human | GPT4 Human | GPT4 Human | GPT4 Human | GPT4 Human | GPT4 Human | GPT4 Human

9 _ Y 1reg, T gun, ... SIEPS given a rare concep Rare Concept: hairy frog (hard-to-draw) SD1.5 | 550 49.6 | 388 517 | 338 556 | 23.1 47.5 | 369 442 | 231 298 | 244 200 | 363 1938

. Essential for real creators designing images never seen before - Flexible to arbitrary LLMs and | Fre Concpt: hiey aninat (cagodimwy | 3050 | 90 52| 300 70| 700 et |7 w0 | e |y e | s

L SD3.0 | 494 669 | 763 79.0 | 53.1 627 | 719 733 | 650 708 | 550 64.6 | 51.2 552 | 70.0 635

: : Alternating Concept Guidance
dlfoSIOn backbones g (oncep FLUX | 58.1 638 | 719 70.0 | 475 61.7 | 525 67.1 | 60.0 673 | 550 573 | 481 50.6 | 703 66.7
- SynGen | 61.3 469 | 594 448 | 544 573 | 338 483 | 506 49.0 | 30.6 358 | 33.1 235 | 294 204

12! Model’s Performance? - Compatible with region-quided - &
. p g g RPG | 33.8 47.1 | 544 571 | 663 608 | 31.9 440 | 375 381 | 21.9 256 | 156 144 | 294 396
ELLA | 313 496 | 61.6 548 | 644 619 | 431 538 | 663 60.6 | 425 456 | 50.6 39.6 | 51.9 479

Rare—Freq— Rare— - LMD | 238 415 | 356 460 | 275 515 | 238 452 | 356 398 | 33.1 235 | 344 304 | 331 210
- SOTA T21 models like SD3 & FLUX often fail to generate methods &> R2F+ (See paper) %5 Diffusion %o R2F | 894 863 | 794 80.6 | 81.9 715 | 800 794 | 725 756 | 700 713 | 588 579 | 738 673

y slg y deg Detailed E " 2. Flexible to LLMs (LLaMA-3, GPT-40) & Diffusions (SDXL, SD3, FLUX)
. a4/ e al e ramewor - Slngle ObjBCt Multi Objects
Models | Property Shape Texture Action Complex  Models Property Shape Texture Action Complex|Concat Relation Complex
Given thein[:::uttei;t, yOl:rjObtihs to ex.ttr:ct %[Pr‘ompt (c): a giant hairy scorpion battles against an awful snake surrounded by many cactuses made of glass ] SD3.0 | 49 4 76.3 53.1 71.9 65.0 IterComp 63.8 66.9 61.3 65.6 61.9 413 29 4 531
rare concepts and replace them wi . . . . R2F; 78.1 715 794 669 63.9 415  36.6 534
relevant yet frequent concepts. ( Sub-prompts (c*) Rare concept (ck) Frequent concept (cf) Visual detail level (V! )\ R2F| 1.aMA3 81.9 771 763  78.8 67.7 itercomp
Perform the following process step by step:
c':a giant hairy scorpion ck: hairy scorpion c}:hairy insect V1:5(long guidance) RZFGPT-40 89.4 79.4 81.9 80.0 72.5 SD3.0 49.4 76.3 53.1 71.9 65.0 55.0 512 70.0
(1) Decompose the provided input text into c2:an awful snake — CIZ? : N/A — c}%: N/A — V2:N/A R2Fsd3.0 89.4 79.4 81.9 80-0 72.5 70.0 58-8 73o8
sub-prornpts by object. c®: cactuses made of diamonds c}: cactuses made of glass ci:plants made of glass V3: 3 (short guidance)
(2) Identify and extract any rare concepts - —
from each sub-prompts. N~ Stagel. R2F Concept Mapping / g ‘
(3) Map the rare concepts with frequent - ~ '_g
concepts. Specifically, split each rare Reconstruct(c},c3): a giant hairy scorpion battles against an awful snake surrounded by many cactuses made of glass (= Prompt(c)) Q
concept into the main noun object and Reconstruct(ct,c2): a giant hairy insect battles against an awful snake surrounded by many plants made of glass r‘.’J
context, then replace the main noun object Reconstruct(cl,cl): a giant hairy insect battles against an awful snake surrounded by many cactuses made of glass é q
with a frequent noun object that is more fit ] B |
to the original context. F
(4) Provide a visual detail level needed to -
draw each rare concept on a scale of )
1 (minimal detail needed) to 5 (maximal E A
detail essential) =
|
[In-context Examples] é
LLM Instruction ﬁ
= V 000 e = =
D t d -t- b b t A hairless A hand-shaped A tiger‘—tr‘iped A lamp running A crying foot A flower- A grasshopper
O prOm p ecom pOSI IOn y O JeC S sheep book golden with legs patterned cheerleading
retriever dumpling

Finds rare-to-frequent concept mapping for each sub-prompt

3. Effective module design (Interpolation & Visual-detail-aware guidance)

-

Hairy frog warrior ~ Mustachioed Wigged octopus Red dragon and Get Vlsual'detall'level tO draW eaCh Su b-ConCGpt " Single Object Multi Objects z fixS  fix10 - fix20 - o - fix30 - o~ - fixd) —@—adaptive (R2F)
squirrel with ax- Juggling three star-  diamond unicorn odels Property Shape Texture Action Complex | Concat Relation Complex & 00 N
o it e anoies | olortiading Interpolate or alternate the rare and frequent concept 5| e s w1 7> o (50 sz w0 P —

prompts throughout diffusion sampling steps until the stop point Interpolate | 855 77.0 694 746 717 | 540 538 713 % N
Exposing Frequent Concept Improves Composition Jnepolie| 855070 G4 e LTH0 Bs TS Ea .
P g g P P P determined by the visual-detail-level PP | 713 463 469 388 525 | 313 25 B8 2
_ Ob S) == Aﬂower—patterned {bear S CL ASS} e A ﬂower-patteme d { CL ASS} R2F | 894 794 819  80.0 725 | 70.0 588 73.8 = Property Shape Texture Action
Model

SD3.0

RareBench: A New T2l Benchmark 4. (R2F+) Better spatial composition with attention-control integration

SD3.0 R2F+ B SD3.0 | R2F+ SD3.0 R2F+ SD3.0 R2F+

- Our proposed benchmark consisting of diverse prompts
with rare concept compositions
- Generated by GPT and additionally inspected by human |

A hairless yak and a spotted A thorny building is A teal spiky metal camera and An oblong cucumber and a
tulip overshadowing a bearded snowman a brown banana teardrop plum
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Attributes used) Bl 2t i - Takeaways

- Theory)

P t hairy, horned, ly, bearded, tachioed, th , spiky, wrinkled, spotted, wigged, hairl H : ' H

—hairy—— . | roperty | hairy, horned, wooly, bearded, mustachioed, thorny, spiky, wrinkled, spotted, wigged, hairless v Exposing relevant-yet-frequent concepts improves compositionality

J i | ‘w | | 8 | = W pacti) Shape banana-shaped, star-shaped, ax-shaped, butterfly-shaped, oval-shaped, donut-shaped, _ _
og .. eoaketen) o ' ’-( |. | o Prers(@len; @ = 0.8) 5 — Wil i) Punliin) of P hand-shaped, gear-shaped, heart-shaped, diamond-shaped Of d|ffus|on mOde|S
uti._a:c - . Polx|Ch . - '..é*m:ﬁ;-- . gm' ﬂ _ _ . . _ . _ s

| s ;. | NIRRT BT . S 2 A : ower-patterned, zebra-striped, tiger-striped, black-white-checkered, made of marble, . . .
frog 2 SRR S A SR o Texture | de of diamonds, made of plastic, made of glass, made of steel, made of cloud v' R2F is a scalable framework that Ieverages LLMs to ldentlfy rare

R R R R ﬁ ! ; a | . dancing, walking, running, crawling, flying, swimming, driving a car, yawning, smiling, . . . . .

(@ Target Disibuion () Inial Estimate (©) Seorenierplacd (0 2-Wassrstein Disance Action | . ing, cheerleading concepts in any text and provide guidance for their generation
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